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Summary: Aliphatic ketones, and aromatic ketones having o-hydroxy or o-amino substituents are 
reduced rapidly to the alcohols by NaBH, and acetic acid; other types of ketones react much 
more slowly. 


NaBH, reacts with glacial acetic acid to form acetoxyborohydrides.1-? Presumably, adjusting 
the stoichiometry will determine the number of acetoxy groups but all acetoxyborohydrides 
have by no means been fully characterized. 


HOAc HOAC HOAC HOAC 
NaBH, ———— NaBH (QAc) ——. NaBH, (QAc) > — NaBE( OAc) 3 es: NaB(QAC) 4 


Mono-, di- and triacetoxyborohydrides are apparentiy formed rapidly even at room temperature, 
while the last hydride is released very slowly.?'! NaBH(QAc) 4‘ and NaBH (QAc)°** have been 
isolated and their IR spectra measured, and the first-mentioned has quite recently become 
commercially available.’ Some chiral amine mono-, di- and triacyloxyborohydride complexes 
have also been isolated and analysed with IR, NMR and mass spectroscopy.° 


NaBH, in the presence of excess of acetic acid has been used for reductions of enamines, 
imines, vinylogous carbamates, aromatic and aliphatic a,f-unsaturated tosylhydrazones, 
pyrylium salts’, for reduction or reductive N-alkylation of amines, oximes'® and nitrogen 
containing heterocycles.? Various reactions have also been run in nonpolar solvents (e.g. 
THF) using one or three mole equivalents of acetic acid relative to NaBH,. Reactions 
corresponding to use of NaBH, (OAc) 5 have not been reported. One equivalent of HOAc (i.e. 
NaBH,0Ac } has been used for hydroboration of alkenes and for reduction of amides and 
carbamates.* Three mole equivalents [i.e., NaBH(QAc).] have been used for reduction of 
cyclic imines and aldehydes in the presence of ketones.? 


Aldehydes and especially ketones are reduced more slowly to alcohols with NaBH, in glacial 
acetic acid than in alcoholic solutions. Aromatic ketones such as acetophenone and 
benzophenone are not reduced completely with NaBH, in HOAc. Chemoselective reduction of 
aldehydes in the presence of ketones using NaBH(QAc), is therefore feasible.’ An amino group 
a to carbonyl has also proved advantageous in reduction with NaBH, in HoAc,"? 1. being 
reduced to the corresponding aminoalcohol in good yield: 


Some diastereoselective reductions of f-hydroxyketones have beer reported with the 
NaBH ,/HOACc-system.+? 13,14 cyclic imines have been reduced with chiral sodium ac- 
yloxyborohydrides to optically active amines in 55-60% yield.* Very recently, aliphatic 
8-ketols were shown to be reduced selectively to the anti diols with tetramethylammonium 
triacetoxyporohydride.** 


We now wish to report a new type of selective reduction of ketones to the corresponding 
alcohols using NaBH in glacial acetic acid solvent, or NaBH, in THF in the presence of 
stoichiometric amounts of acetic acid. 


Reductions in glacial acetic acid 


General procedure: 310 mg NaBH, (8.2 mmole) is added slowly with cooling to the ketone (2.5 
mmol) in 10 ml of glacial acetic acid, the reaction temperature being maintained at 16-21 °c. 
After ten minutes the reduction is interrupted by adding 10 ml of water, the mixture 
neutralized with aqueous NaHCO, and the reaction product isolated by extraction with ether, 
drying and evaporation, and identified by the usual spectroscopic methods. 


Aldehydes such as vanillin and aliphatic ketones such as cyclohexanone are reduced rapidly 
and completely with NaBH, in HOAc at room temperature, whereas aralkylketones such as 
acetophenone react much more slowly. Diarylketones such as benzophenone are not reduced at 
all even with extended reaction times. 


Table 1: Reduction of substituted acetophenones 


X O X OH 
ices NaBH, (3.3 eq) ~ 
ie ERNE ASN [ 
yw HOAc, rt. 40 min yo 
x ¥ conversion (%) by NMR 
H H 23 
OH H 100 
NYe, 4 100 
NE, H 88 
OMe H 18 
Br H 18 
H OH 12 
H Ne, 12 
H NH, 23 
H Br 20 
n-NE, 36 


3, 5-dihydroxy 0 


As seen in Table 1 acetophenone is reduced with this system to the the corresponding alcohol 
with only 23% conversion, and in 24 hours not more than 50% of acetophenone was reduced. 
Butyrophenone is essentially stable towards NaBH, in acetic acid. However, aralkylketones 
carrying a hydroxy group in the ortho-position undergo a rapid and complete reduction. 
Similarly, o-(N,N-dimethylamino)acetophenone was cleanly and rapidly reduced to the cor- 
responding alcohol. o-Aminoacetophenone was reduced in 88% conversion in ten minutes with 
NaBH 4 in HOAc. Further reduction of the remaining ketone was inefficient and only caused the 
appearance of numerous by-products. 


Reductions in THF using stoichiometric amounts of acetic acid 


Reducing o-aminobenzophenone with NaBH, in acetic acid gave considerable amounts of 
by-products in addition to the expected alcohol. However, reduction with NaBH, in THF in the 
presence of 2 equivalents of acetic acid proceeds smoothly to give the alcohol in essentially 
quantitative yield (Table 2). Similarly, c-hydcroxybenzophenone is readily reduced whereas 
other the ortho-substituents are less effective or do not promote the reaction at all. 


General procedure: Acetic acid (18 mmol) is added slowly with cooling to NaBH, (9 mmol) in 10 
ml of THF. After the evolution of hydrogen has ceased the ketone (45 mmol) is added at room 
temperature. After complete disappearance (TLC) of the starting material the reaction 
mixture is worked up as before. 


Table 2: Reduction of o-substituted benzophenones 


z 0 Z OF 
NaBH,/HOAC (1: 2) oe 
a 

(CR Oris, 1S 


time for complete 


nN 


reduction 
H 60h 
OH 5 min 
NH, lh 
NHMe 3h 
OMe 30 h 


In summary, we have shown that aralkyl or diaryl ketones carrying ortho hydroxy or 
ortho-amino substituents can be rapidly and cleanly reduced to the alcohols using one of the 
NaBH ,/HOAc reagent systems. Other ortho substituted ketones, or xetones having hydroxy or 
amino functions elsewhere in the ring are relatively stable towards reduction. It is 
possible that the hydroxyketones react by first forming a borate ester, facilitating the 
delivery of a hydride ion via a six-membered transition state. This is in keeping with the 
failure of ortho halo or alkoxy groups to promote the reaction, or of hydroxy groups at sites 
other than ortho. Amino groups apparently react via the nitrogen lone electron pair to form 
a N°B coordination complex, again furnishing favorable geometry for the delivery of H. 


Regarding the identity of the reducing species in our reactions, we only have circumstatial 
evidence to suggest that in acetic acid solvent, the reducing agents are NaBH (OAc) and 
NaBH, (OAC), . As for the reductions in THF using the 1:2 NaBH, :HOAC reagent combination, we 
assume that the reducing species is the one that corresponds to this stoichiometry, namely 
NaBH, (OAc) 5. These arguments are supported by the data seen in Table 3, showing that 
reductions using NaBH(OAc) 3 proceed much more slowly than the same reductions with 
NaBH (OAc) or NaBH, (OAc). Especially reduction of ortho-aminobenzophenone or the parent 
acetophenone is practically at standstill in THF using the 1:3 reagent ratio which 
corresponds to NaBH(OAc) 3, known to be ineffective in reductions of aromatic ketones. 


Table 3: The effect of stoichiometry on the reduction of ketones in THF. 


ketone NaBH, :HOAc time for 
_ complete reduction 
NH Q 
Sy L. 3d or 2 Lh 
li 1:3 12 days 
OH O 
> AL 1:2 2 min 
I L:3 10-15 min 
Q 1:1 or2 1,5h 
123173 < 10% reduction 
in 2 days 
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